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PROCESSING SYSTEM 



Background of the Invention 

1 . Field of the Invention 

The present invention is included in a technical 
field of, for example, semiconductor device fabrication, 
and more specifically, relates to a processing system 
including an image pickup means for monitoring units on 
a transfer apparatus for transferring a substrate. 

2. Description of the Related Art 

In a photoresist processing step in semiconductor 
device fabrication, for example, a resist solution is 
supplied to a substrate such as a semiconductor wafer 
(hereinafter, referred to as " a wafer" ) or the like to 
form a resist film, a predetermined pattern is exposed, 
and thereafter a developing solution is supplied to the 
wafer to perform developing processing. When such a 
series of processing is performed, a coating and 
developing processing system is used conventionally. 

The coating and developing processing system 
comprises processing units for separately performing a 
series of processing necessary for coating and 
developing processing for a wafer, for example, 
hydrophobic processing (adhesion processing) for 
enhancing fixedness of a resist, resist coating 
processing for performing coating of a resist solution, 
heating processing for heating the wafer after the 
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coating of the resist solution to cure a resist film, 
heating processing for heating the wafer after exposure 
at a predetermined temperature, developing processing 
for performing developing processing for the wafer 
5 after exposure, and the like* 

These units have points to be monitored 
respectively, and thus the number of points to be 
monitored is considerably large in the whole coating 
and developing processing system including many units. 
10 For instance, in a spin-coat type of resist coating 

unit and developing unit, it is necessary to monitor 

5^ whether a processing solution such as a resist solution, 

|i| 

a developing solution, or the like is supplied onto the 

11,1 

- center of a rotated substrate. At that time, from the 

15 viewpoint of resist solution saving and uniform coating, 

\| it is necessary to monitor the state of the processing 

g solution which extends by centrifugal force, especially 

the condition of the edge of the extending solution 
spreading out. Moreover, it is also necessary to 
20 monitor a liquid drip which occurs at the tip of a 

nozzle for supplying the processing solution. In a 
heating processing unit and a cooling processing unit, 
it is necessary to monitor whether the wafer is placed 
at a predetermined position on a hot plate or a cooling 
25 plate. 

Therefore, it is considered, for instance, that an 
image pickup means such as a CCD camera is provided at 



each position which needs to be monitored in each 
processing unit, and that the above monitoring is 
performed based on the image pickup result. However, 
there is a problem that the number of positions to be 
monitored is large, and thus the number of components 
such as a CCD camera and the like is quite large. 
Moreover, there is another problem that since it is 
strongly demanded to miniaturize and thin each 
processing unit, a space for provision of the image 
pickup means such as a CCD camera or the like can not 
be secured. 

Summary of the Invention 

An object of the present invention is to provide a 
processing system capable of performing monitoring of a 
required place in a processing unit without an increase 
in number of components and additionally without 
consideration of a space for provision of an image 
pickup means . 

To attain the above object, a processing system in 
the main aspect of the present invention comprises a 
plurality of processing units for performing 
predetermined processing for a substrate, a transfer 
apparatus for transferring the substrate at least 
between the processing units, and an image pickup means, 
provided on the transfer apparatus, for picking-up an 
image of the inside of the processing units. 

According to the present invention, the image 
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pickup means for picking-up an image of the inside of 
each unit is provided on the transfer apparatus for 
getting access to the processing unit,r so that it 
becomes unnecessary to provide an image pickup means 
5 for monitoring each required point in each processing 

unit. Accordingly, monitoring of the required place in 
the processing unit can be performed without an 
increase in number of components and additionally 
without consideration of a space for provision of an 
10 image pickup means. 

These objects and still other objects and 
advantages of the present invention will become 
apparent upon reading the following specification when 
taken in conjunction with the accompanying drawings. 
15 Brief Description of the Drawings 

FIG. 1 is a plane view showing the structure of a 
coating and developing processing system in an 
embodiment of the present invention; 

FIG. 2 is a left side view of the coating and 
20 developing processing system shown in FIG. 1; 

FIG. 3 is a right side view of the coating and 
developing processing system shown in FIG. 1; 

FIG. 4 is a perspective view of a transfer 
apparatus shown in FIG.l; 
25 FIG. 5 is a side view of a wafer transfer means in 

the transfer apparatus shown in FIG. 4; 

FIG. 6 is a block diagram showing a control system 
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in the coating and developing processing system shown 
in FIG. 1; 

FIG. 7 is a view showing a schematic structure of 
a resist coating unit in the coating and developing 
5 processing system shown in FIG. 1; 

FIG. 8 is an explanatory view of operations of the 
resist coating unit shown in FIG. 7; 

FIG. 9 is an explanatory view of operations of the 
resist coating unit shown in FIG. 7; 
10 FIG. 10 is an explanatory view of an example of 

monitoring in the resist coating unit shown in FIG. 7; 

FIG. 11 is an explanatory view of another example 
of monitoring in the resist coating unit shown in FIG. 
7; 

15 FIG. 12 is an explanatory view of operations of 

the resist coating unit shown in FIG. 7; 

FIG. 13 is en explanatory view of still another 
example of monitoring in the resist coating unit; 

FIG. 14 is an explanatory view of yet another 
20 example of monitoring in the resist coating unit; 

FIG. 15A to FIG. 15D are explanatory views of an 
example of monitoring in the resist coating unit; 

FIG. 16 is a view showing a schematic structure of 
a prebaking unit and a postbaking unit in the coating 
25 and developing processing system shown in FIG. 1; 

FIG. 17 is an explanatory view of an example of 
monitoring in the prebaking unit and the postbaking 
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unit shown in FIG. 15; and 

FIG. 18 is a view showing another example of a 
transfer means. 

Detailed Description of the Preferred Embodiment 
5 Hereinafter, an embodiment of the present 

invention will be described with reference to the 
accompanying drawings. FIG. 1 to FIG. 3 show the 
appearance of a coating and developing processing 
system according to the embodiment, and FIG, 1 shows 
^~ 10 the appearance seen from a plane and FIG. 2 and FIG. 3 

;;i show that from sides respectively. 

The coating and developing processing system 1 has 
:y a configuration in which a cassette station 2 for 

carrying, for example, 25 wafers W per cassette from/to 
I 15 the outside to/ from the coating and developing 

J processing system 1, and for carrying the wafers W 

into/out of a cassette C, a processing station 3 in 
which various processing units are multi-tiered and 
each processing unit gives predetermined processing to 
20 the wafers W one by one in coating and developing 

processing steps, and an interface section 5 for 
delivering the wafer W to/from an aligner 4 which is 
disposed adjacent to the processing station 3 are 
integrally connected. 
25 In the cassette station 2, a plurality of 

cassettes C are mountable in a line in an X-direction 
(in a vertical direction in FIG. 1), with the 
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respective ports for the wafer W facing the side of the 
processing station 3 at positions of positioning 
projections 10a on a cassette mounting table 10. A 
wafer transfer body 11 movable in the direction of 
5 arrangement of the cassettes C (the X-direction) and in 

the direction of arrangement of the wafers W housed in 
the cassettes C (a Z-direction; a vertical direction), 
can freely move along a transfer path 12 and 
selectively get access to each cassette C. 

10 The wafer transfer body 11 is also structured to 

be rotatable in a 9 -direction so as to be accessible to 
an extension unit 74 included in a multi-tiered unit 
section of a first cooling processing unit group 70 and 
an alignment unit 92 included in a first heating 

15 processing unit group 90 which will be explained later. 

In the processing station 3, a resist coating unit 
group 20 is disposed at the front side thereof and a 
developing processing unit group 30 is disposed at the 
rear side respectively. There is no harm in disposing 

20 the developing processing unit group 30 at the front 

side and the resist coating unit group 2 0 at the rear 
s ide respectively . 

As shown in FIG. 2 and FIG. 3, the resist coating 
unit group 20 is structured by resist coating units 21 

25 and 22 for performing resist coating processing for a 

wafer W by placing the wafer W on a spin chuck and 
applying a resist solution thereto in a cup CP being 



disposed in a row and further resist coating units 23 
and 24 being stacked on stages above the resist coating 
units 21 and 22 respectively. 

The developing processing unit group 30 is 
structured by developing processing units 31 and 32 for 
performing developing processing for the wafer W by 
placing the wafer W on a spin chuck and supplying a 
developing solution thereto in a cup CP being disposed 
in a row and further developing processing units 33 and 
34 being stacked on stages above the developing 
processing units 31 and 32 respectively. 

A delivery table 40 on which a wafer W can be 
freely mounted is provided at the center of the 
processing station 3. 

The resist coating unit group 2 0 and the 
developing processing unit group 3 0 face each other 
with the delivery table 40 therebetween, and a first 
transfer apparatus 50 is provided between the resist 
coating unit group 20 and the delivery table 40 and a 
second transfer apparatus 60 is provided between the 
developing processing unit group 30 and the delivery 
table 4 0 respectively. 

The first transfer apparatus 50 and the second 
transfer apparatus 60 have basically the same structure, 
and thus the structure of the first transfer apparatus 
50 is explained with reference to FIG. 4. The first 
transfer apparatus 50 includes a wafer transfer means 



54 ascendable and descendable in the vertical direction 
(the Z-direction) within a cylindrical support body 53 
having wall portions 51 and 52 in one piece which are 
jointed with each other at top ends and bottom ends 
thereof and face each other. The cylindrical support 
body 53 is connected to the rotation shaft of a motor 

55 and rotated around the rotation shaft integrally 
with the wafer transfer means 54 by a rotational drive 
force of the motor 55. Accordingly, the wafer transfer 
means 54 is rot at able in the 0 -direction. 

On a transfer base 56 of the wafer transfer means 
54 1. two tweezers 57 and 58 each for holding the wafer W 
are vertically provided as shown in FIG. 5. The 
tweezers 57 and 58 have basically the same structure 
and each has the shape and the size capable of passing 
through side openings between both the wall portions 51 
and 52 of the cylindrical support body 53. Each of the 
tweezers 57 and 58 is movable forward and rearward by 
means of the motor (not shown) embedded in the transfer 
base 56. Moreover, a CCD camera support member 59 is 
provided above the tweezers 57 and 58. The CCD camera 
support member 59 can be moved forward and rearward by 
the motor (not shown) which is embedded in the transfer 
base 56, and additionally the tip thereof can be tilted 
downward. Furthermore, a CCD camera 61 for picking-up 
an image in the horizontal direction is provided on the 
top of the tip of the CCD camera support member 59 and 
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a laser displacement measurement apparatus 62 for 
detecting a height displacement in a downward direction 
is mounted on the bottom of the tip thereof (not 
mounted on the second transfer apparatus 60). The CCD 
camera 61 is rotatable in the ^-direction by the motor 
(not shown) embedded in the CCD camera support member 
59. In the laser displacement measurement apparatus 62, 
many sensing elements are arranged in a Y-direction. 
The CCD camera 61 and the laser displacement 
measurement apparatus 62 may be integrated with the 
tweezers 57 and 58 instead of being provided on an 
exclusive support member. 

As shown in FIG. 6, the results of image picked-up 
by the CCD camera 61 and the laser displacement 
measurement apparatus 62 are sent to a control portion 
63. The control portion 63 is connected with a display 
portion 64 and an input portion 65 such as a key board 
or the like. The control portion 63 controls 
operations of the CCD camera 61 and the like to perform 
a predetermined monitoring based on the image pickup 
results f and the monitored results are displayed on the 
display portion 64. There is no harm in reporting the 
monitored results by the medium of sound or to report 
it to the host side by a LAN connection to be 
controlled centrally. For such monitoring, used is an 
automatic mode in which an image of a predetermined 
position in the processing unit is picked-up in 
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predetermined procedures with the CCD camera 61, and 
additionally, a manual mode in which an image of a 
desired position in the processing unit is picked-up by 
means of the CCD camera 61 through manual running 
5 operations with the input portion 65. 

FIG. 7 is a view showing a schematic structure of 
the aforesaid resist coating units 21 to 24. 

As shown in FIG. 7/ a cup CP is disposed nearly at 
the center of each unit, and a spin chuck 14 0 for 

iiEi 10 rotatably holding a wafer W is disposed in the cup CP. 

■fJI 

ilH A nozzle 141 for supplying a resist solution (or a 

Ifl thinner) onto the wafer W is disposed above the spin 

m chuck 140. The spin chuck 140 is ascendable and 

descendable. The nozzle 141 is provided on the tip of 
J' 15 a support member of which the illustration is omitted 

2 and is moved to a withdrawal position 66 outside the 

O cup CP by the base of the support member being turned. 

Then, in a state where the nozzle 141 is moved to 
the withdrawal position and the spin chuck 140 ascends 
20 as shown in FIG. 8, the wafer W is delivered from the 

tweezers 58 of the first transfer apparatus 50 onto the 
spin chuck 14 0. 

Next, the tweezers 5 8 of the first transfer 
apparatus 50 withdraws as shown in FIG. 9, the spin 
25 chuck 140 descends, and the CCD camera 61 of the first 

transfer apparatus 50 approaches to the nozzle 141 
together with the nozzle 141 moving to the center above 
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the wafer W to pick-up an image of the tip of the 
nozzle 141. The control portion 63 checks whether or 
not a liquid drip 67 of the resist solution appears at 
the tip of the nozzle 141 as shown in FIG* 10 based on 
the image pickup result. For instance, when detecting 
a display shown in FIG. 10, the control portion 63 
displays that fact on the display portion 64 or stops 
the operation of the processing unit. Subsequently, 
the spin chuck 140 rotates and supply of the resist 
solution from the tip of the nozzle 141 onto the 
surface of the wafer W is started as shown in FIG. 11. 

Next, the laser displacement measurement apparatus 
62 moves toward the outer periphery of the wafer W 
together with the CCD camera 61 as shown in FIG. 12- 
The moving speed is made synchronized nearly with the 
speed at which the resist solution extends by 
centrifugal force on the wafer W. Thereby, the laser 
displacement measurement apparatus 62 picks-up an image 
of the condition of the edge of the extending resist 
solution spreading out. For instance, as shown in FIG. 
13 and FIG. 14, the laser displacement measurement 
apparatus 62 has many sensing elements 62a along the Y- 
direction. As shown in FIG. 13, when an edge 68 of the 
resist solution extending on the wafer W takes the form 
of almost an outer periphery of a circle, all the 
sensing elements 62a in the laser displacement 
measurement apparatus 62 output 'High', for example. 
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As shown in FIG. 14, conversely when jags appear at the 
edge 68 of the resist solution extending on the wafer W, 
some sensing elements 62a in the laser displacement 
measurement apparatus 62 output 'Low', for example. 
5 When jags appear at the edge 68 of the extending resist 

solution on the wafer W as shown in FIG. 14, the 
control portion 63 controls the number of revolutions 
of the spin chuck 140, or controls the amount of 
discharge, and the discharge pressure, the time to 
10 reach, the film thickness, and the like of the resist 

solution based on the image pickup results. Thereby, 
;,r.[ resist solution saving and uniform coating can be 

m realized. It is also preferable that instead of being 

;k moved synchronously, the laser displacement measurement 

15 apparatus is previously disposed at a predetermined 

^2 position and monitors the time to reach, the film 

□ thickness, and the like of the solution. 

After the completion of the supply of the resist 
solution, the rotation of the spin chuck 140 stops, the 
20 nozzle 141 moves to the withdrawal position, the spin 

chuck 140 ascends, and the wafer W is delivered from 
the spin chuckl40 to the tweezers 58 of the first 
transfer apparatus 50. 

Since the developing processing units 31 to 34 
25 have nearly the same structure as shown in FIG. 7, the 

description thereof is omitted, but it is possible to 
perform monitoring with the CCD camera 61 also in the 



- 14 - 



developing processing units 31 to 34. For instance, a 
color tone or color shading changes with progress of 
developing in the surface of the wafer W in a 
developing processing step. Therefore, for instance, 
5 the color tone or the color shading in the surface of 

the wafer W when optimally developed is previously 
stored and an image of the surface of the wafer W is 
picked-up by the CCD camera 61 on developing. If 
developing processing is stopped when the image pickup 
10 result matches with the previously stored color tone or 

l|Jl color shading in the surface of the wafer W, optimal 

^ff developing can be performed. Alternatively, it is also 

possible that if some kind of abnormal condition is 
found in the color tone or the color shading in the 
^ 15 surface of the wafer W, that fact is reported. 

2 The above is preferably performed, for example, in 

the automatic mode as required. 

Next, operations in the manual mode to check 
whether or not the resist solution is supplied onto the 
20 center of the wafer W in the resist coating units 21 to 

24 will be explained. 

As shown in FIG. 15A, a center line 140b is drawn 
on the surface of the rotation shaft 140a of the spin 
chuck 140 in each of the resist coating units 21 to 24. 
25 For instance, when the spin chuck 140 is set in the 

manual mode, the spin chuck 140 stops at a position 
where the center line 14 0b thereof is in front of the 
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CCD camera 61. In this state, as shown in FIG. 15B, 
the CCD camera 61 tilts downward to pick-up an image of 
the rotation shaft 140a of the spin chuck 140. Then, 
if the resist solution is not supplied onto the center 
5 C of the wafer W as shown in FIG. 15C, the control 

portion 63 displays that fact on the display portion 64 
or moves the nozzle 141 based on the image pickup 
result so that the resist solution is supplied onto the 
center of the wafer W. Next, as shown in FIG. 15D, the 

10 CCD camera 61 is changed into a state of facing in the 

horizontal direction, and supply of the resist solution 
is started from the tip of the nozzle 141 onto the 
surface of the wafer W (for instance, a dummy wafer). 
The CCD camera 61 picks-up an image of a state in which 

15 the resist solution is supplied onto the surface of the 

wafer W, and the control portion 63 decides whether or 
not there is a deviation in focussing based on the 
image pickup result. For instance, if the control 
portion 63 decides existence of a deviation in 

20 focussing, it displays that fact on the display portion 

64 or moves the nozzle 141 so as to eliminate the 
deviation in focussing. Through the above operations, 
it is possible to check whether or not the resist 
solution is supplied onto the center of the wafer W in 

25 each of the resist coating units 21 to 24 and to 

perform correction thereof. 

FIG. 16 is a schematic view of prebaking units 94, 
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95, 101, and 102 and postbaking units 96, 97, 98, 105, 
106, and 107- 

As shown in FIG. 16, a hot plate 202 for 
performing heating processing for the wafer W is 
5 disposed nearly at the center of a casing 201, On the 

hot plate 202, proximity pins 203 for holding the wafer 
W isolated from and above the hot plate 2 02 are 
disposed and further a plurality of guides 207 each 
having an inclined face 206 oriented toward a wafer 
m 10 mounting position 205 which is nearly at the center on 

III the hot plate 202 are provided in such a manner to 

Ifl surround the wafer mounting position 205. 

fii Moreover, the casing 201 is provided with an 

%i opening 208 for delivering the wafer W to/ from the 

15 transfer apparatus 50 or 60. The opening 208 can be 

2 freely opened and closed by means of a window member 

O 2 09, and the opening 208 is opened when the wafer W is 

delivered to/from the transfer apparatus 50 or 60 and 
the opening 208 is closed by means of the window member 
20 2 09 when heating processing is performed for the wafer 

W in the unit. 

Furthermore, in this unit, a hoisting and lowering 
pin (not shown) for delivering the wafer W to/from the 
transfer apparatus 50 or 60 is disposed to be able to 
25 appear and disappear from the surface of the hot plate 

202. The hoisting and lowering pin in a state of 
appearing from the surface of the hot plate 202 
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receives the wafer W from the transfer apparatus and 
then lowers to disappear from the surface of the hot 
plate 202. Thereby, the wafer W is placed on the 
surface of the hot plate 2 02. 

In this unit, a CCD camera 210 as another image 
pickup means is disposed at a predetermined position. 
The CCD camera 210 picks-up an image of a portion which 
the CCD camera 61 of the transfer apparatus 50 
described later can not pick-up, for example, the 
inside of the window member 209. Thereby, it becomes 
possible to pick-up an image throughout the inside of 
the unit and to monitor it. 

In the unit, the CCD camera 61 of the transfer 
apparatus 50 picks-up an image of the wafer W placed on 
the hot plate 202. When the control portion 63 detects 
that the wafer W has run on the guide 207 due to a 
transfer mistake or the like as shown in FIG. 17 based 
on the image pickup result, the control portion 63 
displays that fact on the display portion 64 or causes 
the hoisting and lowering pin (not shown) to hoist and 
lower to perform another alignment of the wafer W. 
Thereby, the heating processing for the wafer W can be 
performed accurately. 

Incidentally, as for the cooling unit, the 
structure thereof is almost the same as that of the 
unit of the above heating system, and thus the same 
monitoring can be performed. 
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Next, operations of the coating and developing 
processing system 1 structured as above will be 
explained. 

First, the wafer transfer body 11 gets access to < 
cassette C to take out one unprocessed wafer W in the 
cassette station 2. Then, the wafer W is transferred 
to the alignment unit 92 of the first heating 
processing unit group 90 by the wafer transfer body 11 
The wafer W for which alignment is completed in the 
alignment unit 92 is transferred to the adhesion unit 
91 included in the same first heating processing unit 
group 90 while held by the tweezers 58 on the lower 
side provided in the second transfer apparatus 60, 
Subsequently, after the completion of the hydrophobic 
processing, the wafer W is transferred to the delivery 
table 40 while held by the tweezers 58 of the second 
transfer apparatus 60. 

Then, the wafer W is held by the tweezers 58 on 
the lower side provided in the first transfer apparatu 
50 and transferred from the delivery table 40 to a 
first cooling processing unit group 70, and carried in 
for example, a cooling unit 72 of the first cooling 
processing unit group 70. 

The wafer W for which predetermined cooling 
processing is completed in the cooling unit 72 is 
transferred to the resist coating unit group 20 while 
held by the tweezers 58 of the first transfer apparatu 



19 



50. 

The wafer W transferred to the resist coating unit 
group 20 is carried in, for example, the resist coating 
unit 21 f where a resist film is formed. The wafer W on 
which the resist film is formed is thereafter 
transferred to the delivery table 40 while held by the 
tweezers 57 on the upper side in the first transfer 
apparatus 50 . 

The wafer W transferred to the delivery table 40 
is held by the tweezers 58 of the second transfer 
apparatus 60 and transferred to a second heating 
processing unit group 100 this time. Then, the wafer W 
is carried in, for example, the prebaking unit 101 
included in the second heating processing unit group 
100 to be subjected to predetermined heating processing. 

The wafer W after the completion of the heating 
processing is transferred to a second cooling 
processing unit group 80 while held by the tweezers 58 
of the second transfer apparatus. The wafer W is 
carried in, for example, a cooling unit 85 of the 
second cooling processing unit group 80 to be subjected 
to cooling processing. The wafer W for which cooling 
processing is completed in the cooling unit 85 is then 
carried into an extension unit 84 and stands-by there. 

Subsequently, the wafer W is carried out of the 
extension unit 84 by a wafer transfer body 110 and 
transferred to a peripheral aligner 112. The wafer W 
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of which an excess resist film at the peripheral 
portion thereof is removed in the peripheral aligner 
112 is transferred to the aligner 4 to be subjected to 
predetermined exposure processing. 
5 The wafer W which is exposed in a pattern in the 

aligner 4 is transferred to the second heating 
processing unit group 100 by the wafer transfer body 
110 and carried in, for example, the post-exposure 
baking unit 103. The wafer W for which heating 

10 processing after the exposure processing is completed 

is held by the tweezers 58 of the second transfer 
apparatus 60 and carried in, for example, a cooling 
unit 81 of the second cooling processing unit group 80. 
The wafer W for which predetermined cooling 

15 processing is completed in the cooling unit 81 is held 

by the tweezers 58 of the first transfer apparatus 50 
and transferred to the delivery table 40. Thereafter, 
the wafer W is transferred from the delivery table 40 
to the developing processing unit group 30 while held 

20 by the tweezers 58 and carried in, for example, the 

developing processing unit 31 to be subjected to 
predetermined developing processing. 

The wafer W for which the developing processing is 
completed is transferred to the second heating 

25 processing unit group 100 while held by the tweezers 57 

of the second transfer apparatus 60. Then, the wafer W 
is carried in, for example, the postbaking unit 105 
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included in the second heating processing unit group 
100 to be subjected to heating processing after 
developing processing. 

The wafer W for which the heating processing in 
5 the postbaking unit 105 is completed is transferred of 

the delivery table 40 while held by the tweezers 57 of 
the second transfer apparatus 60, 

The wafer W transferred to the delivery table 40 
is thereafter held by the tweezers 58 of the first 

10 transfer apparatus 50 and transferred to the first 

cooling processing unit group 70, and carried in, for 
example, the cooling unit 71 included in the first 
cooling processing unit group 70. The wafer W which is 
vigorously cooled to a predetermined temperature in the 

15 cooling unit 71 is thereafter carried in the extension 

unit 7 4 and stands-by there. The wafer W is then 
carried out of the extension unit 74 by the wafer 
transfer body 11 and housed in the cassette C on the 
cassette mounting table 10. Thus, a series of coating 

20 and developing processing for the wafer W is completed. 

In this embodiment, the CCD camera 61 and the 
laser displacement measurement apparatus 62 on the 
transfer apparatus 50 perform the aforementioned 
monitoring in each unit in the above series of 

25 operations. Accordingly, it becomes unnecessary to 

provide such an image pickup means in each unit, 
whereby it becomes possible to reduce the number of 
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components and to miniaturize and thin the processing 
units . 

Incidentally / the present invention is not limited 
to the aforesaid embodiment. 

For instance, another image pickup means may be 
mounted on the transfer apparatus 50 in addition to the 
CCD camera 61 and the laser displacement measurement 
apparatus 62, and further there is no harm in mounting 
a lighting means such as a lamp or the like. 

Moreover, an exclusive image pickup means may be 
disposed also in the resist coating unit and the 
developing processing unit. Thereby, it becomes 
possible to pick-up an image throughout the liquid 
processing system units and to perform monitoring of 
them. 

Furthermore, though the example in which a wafer 
is used for a substrate has been explained, the present 
invention is not limited to the above example, but it 
can also be applied to a case where an LCD substrate is 
used, for example. 

In the aforesaid embodiment, the transfer 
apparatuses 50 and 60 of a vertical transfer- type are 
used, but an arm robot 181 may be used as shown in FIG. 
18. In the arm robot 181 shown in FIG. 18, a main body 
182 is provided with arms 183 and 184 which are 
vertically two-tiered. In the lower arm 184, a first 
arm 184a rotatable in the ^-direction is attached, at 
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the tip of which a second arm 184b rotatable in the 9- 
direction is attached^ at the tip of which a tweezers 
184c is attached to be movable forward and rearward. 
On the top of the tweezers 184c, an image pickup 
5 portion 184d having a CCD camera and a laser 

displacement measurement apparatus according to the 
present invention is disposed. 

In the upper arm 183, a first arm 183a rotatable 
in the 0 -direction is attached, at the tip of which a 

10 second arm 183b rotatable in the ^-direction is 

attached, at the tip of which a third arm 183c 
rotatable in the ^-direction is attached, at the tip of 
which a fourth arm 183d rotatable in the ^-direction is 
attached, at the tip of which a fifth arm 183e 

15 rotatable in the 0 -direction is attached, at the tip of 

which a tweezers 183f is attached to be movable forward 
and rearward. On the top of the tweezers 183f , an 
image pickup portion 183g having a CCD camera and a 
laser displacement measurement apparatus according to 

20 the present invention is disposed. According to the 

above structure, it is possible to make the transfer 
system compact. 

As has been described, according to the present 
invention, the image pickup means for picking-up an 

25 image of the inside of the processing unit is provided 

on the transfer apparatus for getting access to each 
processing unit, so that it becomes unnecessary to 
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provide an image pickup means for monitoring at each 
required place in each processing unit^ Accordingly^ 
monitoring of the required place in the processing unit 
can be performed without an increase in number of 
5 components and further without consideration of a space 

for provision of an image pickup means. 

According to an embodiment of the present 
invention, the aforesaid processing unit is provided 
with another image pickup means for picking-up an image 

10 of a position which the aforesaid image pickup means 

can not pick-up. According to the above configuration, 
it is possible to pick-up an image of a place which the 
image pickup means provided on the transfer apparatus 
can not pick-up, for example, the inside of a shutter 

15 for closing the opening of the processing unit for 

delivering the substrate to /from the transfer apparatus 
and to monitor it, so that necessary and sufficient 
monitoring can be performed. 

According to the present invention, the aforesaid 

20 image pickup means comprises at least a CCD camera and 

a turn drive mechanism for turning the CCD camera on a 
horizontal surface, so that it is possible to pick-up 
an image throughout a horizontal plane in the 
processing unit and to monitor it. 

25 According to the present invention, the image 

pickup means further comprises a forward and rearward 
drive mechanism for driving at least the CCD camera and 
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the turn drive mechanism forward and rearward in 
relation to the aforesaid processing unit^ so that it 
is possible not only to pick-up an image of a position 
deep in the processing unit and to monitor it, but also 
to pick-up an image of the surface of the substrate 
while scanning the surface of the substrate and to 
monitor it, for instance. 

According to the present invention, the transfer 
apparatus comprises a hold pin movable forward and 
rearward in relation to the processing unit while 
holding the substrate and an ascent and descent drive 
mechanism for driving the hold pin up and down, and the 
image pickup means is driven up and down together with 
the hold pin by the ascent and descent drive mechanism, 
so that the image pickup means can pick-up an image 
throughout the upper and lower portions in the 
processing unit and monitor them. 

According to the present invention, the image 
pickup means comprises a plurality of kinds of image 
pickup apparatuses, so that it can optimally pick-up an 
image in accordance with pickup conditions in each unit. 

According to the present invention, the system 
includes an automatic mode for causing the image pickup 
means to pick-up an image of a predetermined position 
in the processing unit in predetermined procedures and 
a manual mode for causing the image pickup means to 
pick-up an image of a desired position in the 
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processing unit through manual running operations, so 
that it is possible to pick-up an image of also a 
position which is usually not picked-up by switching 
from the automatic mode to the manual mode when an 
5 accident occurs, for instance. Accordingly, more 

detailed monitoring can be performed. 

According to the present invention, in the 
processing units, there are liquid system processing 
units each for performing liquid processing for a 

10 substrate and thermal system processing units each for 

thermal processing for the substrate, and the image 
pickup means is used for monitoring the processing 
processes for the liquid system processing units and 
for monitoring a physical position of the substrate for 

15 the thermal system processing units, so that the entire 

processing system can be monitored. 

According to the present invention, monitoring the 
processing processes for the liquid system processing 
unit includes at least monitoring liquid processing 

20 based on the image pickup result of the surface of the 

substrate by means of the image pickup means, or 
monitoring the liquid processing is performed based on 
the color tone or the color shading in the surface of 
the liquid processed substrate, so that it becomes 

25 possible to perform control of, for example, the 

developing time based on the monitored result. For 
instance, a pattern of the color tone in the surface of 



27 



the substrate when developing processing has been 
accurately performed is previously prepared, and 
pattern matching between the above pattern and the 
image pickup result is being performed in real time 
during developing and the developing is stopped when 
they are matched with each other, whereby it becomes 
possible to perform active control of the developing 
time. 

The aforesaid embodiment has the intention of 
clarifying technical meaning of the present invention. 
Therefore, the present invention is not intended to be 
limited to the above concrete embodiment and to be 
interpreted in a narrow sense, and various changes may 
be made therein without departing from the spirit of 
the present invention and within the meaning of the 
claims . 
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What is claimed is: 

1. A processing system, comprising: 

a plurality of processing units for performing 
predetermined processing for a substrate; 

a transfer apparatus for transferring the 
substrate at least between said processing units; and 

first image pickup means, provided on said 
transfer apparatus, for picking-up an image of the 
inside of said processing units. 

2. The processing system as set forth in claim 1, 
wherein said processing unit is provided with 

second image pickup means for picking-up an image of a 
position which said first image pickup means is unable 
to pick-up. 

3. The processing system as set forth in claim 1, 
wherein said first image pickup means comprises at 

least a CCD camera and a turn drive mechanism for 
turning the CCD camera on a horizontal plane. 

4. The processing system as set forth in claim 3, 
wherein said first image pickup means comprises a 

mechanism for tilting the CCD camera downward. 

5. The processing system as set forth in claim 3, 
wherein said first image pickup means further 

comprises a forward and rearward drive mechanism for 
driving at least the CCD camera and the turn drive 
mechanism forward and rearward in relation to said 
processing unit. 
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6. The processing system as set forth in claim 1, 
wherein said transfer apparatus comprises a hold 

pin movable forward and rearward in relation to said 
processing unit while holding the substrate and an 
ascent and descent drive mechanism for driving the hold 
pin up and down, and 

wherein said first image pickup means is driven up 
and down together with the hold pin by the ascent and 
descent drive mechanism. 

7. The processing system as set forth in claim 1, 
wherein said first image pickup means comprises a 

plurality of kinds of image pickup apparatuses. 

8. The processing system as set forth in claim 1, 
wherein said system has an automatic mode for 

causing said first image pickup means to pick-up an 
image of a predetermined position in said processing 
unit in predetermined procedures and a manual mode for 
causing said first image pickup means to pick-up an 
image of a desired position in said processing unit 
through manual running operations . 
9. The processing system as set forth in claim 1, 

wherein in said processing units, there are liquid 
system processing units each for performing liquid 
processing for the substrate and thermal system 
processing units each for performing thermal processing 
for the substrate, and 

wherein said first image pickup means is used for 
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monitoring processing processes for the liquid system 
processing units and for monitoring a physical position 
of the substrate for the thermal system processing 
units . 

10. The processing system as set forth in claim 9, 
wherein monitoring the processing processes for 

the liquid system processing units includes at least 
monitoring liquid processing based on an image pickup 
result of the surface of the substrate by said first 
image pickup means • 

11. The processing system as set forth in claim 10, 
wherein monitoring the liquid processing is 

performed based on a color tone or color shading in the 
surface of the liquid processed substrate. 

12. The processing system as set forth in claim 1, 
wherein said processing unit has a spin chuck 

rotating while holding the substrate and having a 
rotation shaft and a nozzle for supplying a processing 
solution nearly onto the center of the held and rotated 
substrate , and 

wherein said system has means for monitoring 
whether or not the processing solution is supplied 
nearly onto the center of the substrate based on an 
image pickup result by said first image pickup means. 

13. The processing system as set forth in claim 12, 
wherein the surface of the rotation shaft is 

provided with a center line. 
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wherein said first image pickup means picks-up an 
image of the center line;, and 

wherein said system has means for monitoring 
whether or not the processing solution is supplied 
nearly onto the center of the substrate, 

14. The processing system as set forth in claim 12, 
wherein said first image pickup means has a 

focus s ing f unc t ion , 

wherein said first image pickup means picks-up an 
image of the processing solution supplied from the 
nozzle onto the substrate, and 

wherein said system has means for monitoring 
whether or not the processing solution is supplied 
nearly onto the center of the substrate based on a 
focussing result by said first image pickup means. 

15. The processing system as set forth in claim 1, 
wherein said processing unit includes a spin chuck 

rotating while holding the substrate and a nozzle for 
supplying a processing solution nearly onto the center 
of the held and rotated substrate, 

wherein said first image pickup means picks-up an 
image of the tip of the nozzle, and 

wherein said system has means for monitoring 
whether or not a liquid drip appears at the tip of the 
nozzle based on an image pickup result by said first 
image pickup means. 

16. The processing system as set forth in claim 1, 
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wherein said processing unit has a spin chuck 
rotating while holding the substrate and a nozzle for 
supplying a processing solution nearly onto the center 
of the held and rotated substrate, and 

wherein said first image pickup means has a laser 
displacement measurement apparatus for monitoring an 
extending state of the processing solution supplied 
onto the held and rotated substrate. 
17. The processing system as set forth in claim 1, 

wherein said processing unit has a processing 
plate for performing heating or cooling processing for 
the substrate, 

wherein said first image pickup means picks-up an 
image of the substrate on the processing plate, and 

wherein said system has means for monitoring 
whether or not the substrate is placed on a 
predetermined position on the processing plate based on 
an image pickup result by said first image pickup means. 
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Abstract of the Disclosure 
A CCD camera and a laser displacement measurement 
apparatus are provided on a transfer apparatus for 
transferring a wafer between processing units. The 
5 transfer apparatus performs a predetermined image 

pickup in each processing unit with the CCD camera and 
the laser displacement measurement apparatus 62 to 
perform monitoring of a required place in the 
processing unit. According to the above configuration, 
10 it is possible to monitor the required place in the 

processing unit without an increase in number of 
components and further without consideration of a space 
for provision of an image pickup means. 
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